As a part of studies for finding metal complexes as an active material in the redox-flow battery system using ionic liquids (ILs) as an electrolyte, we have measured cyclic voltammograms (CVs) of betainium bis (trifluoromethylsulfonyl) 
Introduction
Redox-flow batteries (RFBs) have been developed as one of promising battery systems for energy storage, because of their long cycle life and large theoretical capacity. [1] [2] [3] The objective of our studies is to develop a proto-type RFB by using safe ionic liquids with non-corrosive and non-flammable properties as electrolyte [4] [5] [6] [7] [8] [9] [10] [11] and stable metal complexes as active materials. The proto-type battery means here an experimental cell which has principal functions and potentiality for achieving the improvement of performances and lowering costs in future.
Iron is the most abundant transition metal in nature and the information on its complexes with various kinds of ligands are accumulated. 12 Especially, Lever reported that the redox potentials of metal complexes shift depending on a ligand electrochemical parameter. 13 According to his theory, the redox potentials of high spin Fe(II)/(III) complexes are lower than those of low spin Fe(II)/ (III) complexes. This suggests that selection of proper cell emf becomes possible by combining high and low spin Fe(II)/(III) complexes as anode and cathode active materials, respectively.
One of the representative polydentate ligand which is expected to form a stable and high spin iron complex is edta (ethylenediamine-N,N,NB,NB-tetraacetate). [13] [14] [15] [16] In this note, we have focused on the Fe(III) complex with edta (abbreviated as Fe(III)-edta) as an anode active material.
The Fe(III)-edta complexes have been known to form a sevencoordinate structure with hexadentate edta and unidentate H 2 O and a six-coordinate structure with pentadentate Hedta and unidentate H 2 O. 17, 18 The Fe(II) complexes with edta have been reported to have the same structure as that of seven-coordinate Fe(III)-edta complex, where the edta is coordinated to Fe(II) as non-protonated edta (edta), 19 mono-protonated edta (Hedta), or di-protonated edta (H 2 edta). 20 Furthermore, the chemical forms of Fe(II) and Fe(III) complexes with edta in aqueous solutions, such as speciation distribution diagrams and cyclic voltammograms (CVs), have been reported. 21, 22 According to the previous studies, the reduction reaction of Fe(III)-edta complex has been proposed to proceed through EC mechanism with the dissociation of edta or the protonation of edta. 21, 22 Betainium bis(trifluoromethylsulfonyl)imide ([Hbet][Tf 2 N]) is an ionic liquid which can dissolve various kinds of metal oxides and salts and also is expected to be prepared cheaply because Hbet is a raw material supplied from various organisms. 23 
Instrumentation
All electrochemical experiments were carried out using BAS CV-50W voltammetric analyzer with provision for iR compensation and BAS CV cell at 25°C in a glove-box filled with N 2 gas. A threeelectrode system was utilized, that is, a BAS 002012 as GC working electrode ( were measured in the potential range of ¹400 to +1000 mV at various scan rate (v = 10-100 mV s ¹1 ), and are shown in Fig. 1 . As seen from this figure, one cathodic peak (P c ) and two anodic peaks (P a1 and P a2 ) are observed around 50, 220, 550 mV, respectively, and the P a2 peak becomes distinguishable with an increase in the scan rate.
The P c peak shifts to more negative and the P a1 peak shifts to more positive with an increase in the scan rate (see Table 1 ). The average potentials (E 1 0 ) of the P c peak potential (E c ) and the P a1 peak potential (E a1 ) are almost constant without depending on the scan rate, that is, E 1 0 = 146 « 6 mV (v = 10-100 mV/s). These results suggest that P c and P a1 are coupled peaks of a quasi-reversible redox reaction. 25 To confirm the above proposal, current properties were examined. The cathodic and anodic peak currents (I c , I a1 ) were determined by measuring the distance from the peak point to the assumed baseline, which is extrapolated from flat part of the wave before current peak beyond the peak, respectively, and are listed in Table 1 . The second peak current (I a2 ) cannot be determined in the same way due to the effect of neighbour current peak (P a1 ). Figure 2 shows the plots of peak currents (I c , I a1 ) against v 1/2 for the slow scan rates and are found to give nearly straight lines passing through the original point. However, the plots deviate downward from straight line with an increase in the scan rate (see Fig. 2 ). And also, the ratios of «I a1 /I c « are constant regardless of the scan rates as shown in Table 1 . These results support that the redox reaction of Fe(III)-edta complex in [Hbet][Tf 2 N]/11 wt%H 2 O solution is quasireversible. 25 The current peak (P a2 ) observed at around 550 mV seems to have no coupled peak (see Fig. 1 ), suggesting that this oxidation reaction is irreversible. These observations can be explained by the scheme that the reduction reaction of Fe(III)-edta complex corresponding to P c peak is followed by chemical reaction and the resulting species is oxidized at around 550 mV (corresponding to P a2 peak).
Furthermore, the CVs measured by 12 cycles at v = 60 mV s
¹1
were found to be almost same as shown in Fig. 3 According to the speciation distribution diagrams of Fe(II)-and Fe(III)-edta complexes (abbreviated as Fe(II,III)-edta) in aqueous solution, the redox potential of Fe(II,III)-edta is dependent on pH, i.e., it is more positive than 0 mV in a low pH region 22 and about ¹150 mV at pH 4.5 (vs. Ag/AgCl). 21 Taking account of intrinsically Electrochemistry, 83(9), 730-732 (2015) acidic character of betainium 26 and other effects, such as the liquid junction potential or donor properties of the solvent molecule, 27 it is plausible that E 1 0 is 146 mV in [Hbet][Tf 2 N]/11 wt%H 2 O system. As mentioned above, the current peak P a2 in Fig. 1 29 This difference is considered to be attributed to that in viscosity between ionic liquid and aqueous solution. This matter should be considered in design of the RFB system adopting ILs as an electrolyte.
Conclusions
As a part of studies for finding metal complexes as an active material in the RFB system using ILs as electrolyte, we examined electrochemical properties of Fe(III)-edta complex in [Hbet] Electrochemistry, 83(9), 730-732 (2015) 
